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U S. BOARD ON- "EOCRAPHIC NAMES TRANSLITERAT ION ,SYST,

Block Italic Transliteration Block Italic Transliteratbi

Aa A a' A, a Pp p p R r

S r 5 6 B, b C c C c S s

:3(3 B V, v T T T m Tt

Fr r a G,Yg y y y U, u

a D, d 0 U L F, f

E e E i Ye, ye; E, e* X x X x Kh, kh

hi X Zh, zh LL A q Ts, ts

3 3 3 j Z, z L 4 v Ch, ch

V 11 H U I, i Ww I u, Sh, sh

S i 1 Y, y W L4 X Ua Shch, sxhoh

SK x K, k b b 1 1 "

1 n fi l L, 1 uj U iw Y, y

M A M, m b b i I I

H H H n N, n 3 3 . s E, e

So 0o 0, o IL10 )0 1 Yu, yu
n n 17 n .P,. p A A N Ya,- ya

•_e initially, after vowels, and after b, b; e elsewhere.
When written as 6 in Russian, transliterate as ye- or e.

RUSSIAN AND ENGLISH TRIG Y'ETR!CUNCTIONS

Russian English Russian English Russian Eng] I "

sin sin sh sinh arc sh silh

cos cos ch cosh arc ch cosh
tg tan th tanh arc th tann

ctg cot cth coth arc cth cot _ 1.
sec sec sch sech arc s ch s"ch
cosec csc csch csch arc csch csch

Russian Erg]lish

rot curl
ig log

- -- .---- - -,-,,- -- - -. '-"- -mfl, ,"



OPTIMTZTTI-7 OF T*!!-E MAI7N FAI)IO OI1!~ I.AC1~I.~C F HICILY EF[ IFNIT
LOW- N .. ...

S. M. Vercvkin, 1. P. lvanov and B~. A~. Vopcervcheriho

The surface util;.--tion 1Thcltor anid the scLcttcrifno coefficie'nt

of reflectincj paralhol.c antenras has kbeen investigatcd theore-tic-

ally and c%,,p rirentzaily as a fufletion of the focal distance of

the mirror anO. of thc radiation phat 4 -ern of the emitter. A nunler

of quantitntive Cata is prcsented and tho optiriur. values of the
parameters, thoir criticality i,-.d the p oszibility of practical

realizationi arc evalurated.

The radio c chc.acncriticx: cf highly efficic-nt low-noise parab-olic

anterinciv: can Le r-1,izcinuly Ly !ee-ctincr the ratio f/1), the shape of th rael-

jationpttr of Lie wif v52-7or, the rrrlbiaton diagram Lnd Oc-sign of thea cr~ittei:.

It is these facLoi.:a that priir.,rily Octcri.in the r..-st efficicnt fieldi distribution

at thecncprture and the minirum scatteriry; coofficicnt of thr- antenn, with optinumn

shaipe of t hc rA6,iction pattcon.

No adequ~ite qi-ntiative Cata can be. found in thoe Imow-n raunirous litcrature

*that p-,rriits tht- inilic,:ted oiptA 7ization. Ful].irlhod rc.uiults arie rcolated riiyto~

anitenn' -; with irain lrLrror rciction patt.-n of typcC,>$ A., is shoi.n L2\

* ti~e ~ p. ~ ~1j.Y~ ai- 1xj thor f- f-r.n th e.i i~~'-

* Thc i r 1Lur rcs' t "n. ther ratio of tV' surfa cv it.i lizatic;x fiactv'r (1:31-) ofa
pital ] -e nit(.flla i nri the Sn~c~ySattCZWO Cg cffi ci n t of the('ttri r

1YU



,!ti y ~iti it ion c',~c si~G ~a hape cloc)'r to 1 dc~1 ra I tcri. ;I <-in i~n

o 1: --- ~2 1 2.~' end 2--8t 21' 'j 220' . hfwovcrei, it- i.i- .; ~

4 .. :':.,t4i L 0 thc slopu of the ra(JIailr:pttr crnt. rii iy

*j -~ :it c I to i do I1 p atterns iv, Oc-teri, i nc 0 by (h:it-, cIrcic-

Sit tV thcr rniati on diagr.am.

iai i in (11, iar of the. zmnini mrr.

* ~ :~2it~ .:dt~corctical pzAyt Of thie invc- !tigqt i nn uti lizcs the resultf-

t * u,.-: !Cc. Utiiation f actoc a'nd2 the rad ati~cm -,7atter.rnc cecf i-

:i to the ux)nt jtn:factors: The1 ant-:,na cc nf iim-ticn ajnO

.. v ii ~t.cr.The apertuve angle of the main an.ctnna i-Srror is takcn (U

120-220' (f/D =0.435-0.175) . Ainalytlica3 reprostntaition (>f

..'. in of svc.!ial shape is biken im the form-:

L*M 'A + I - A (I*)

Jo ----0; !rCS (2)

IV.) -i 0~o 0,1 o

o .~ f this radjimt-dc! pittcyn 3 s; shown by ruirvc I ini Figure 1. A -

~':'iirvlst\alicl I are n~hown 3.n tht mefire

* ** ,tl rep, t~YCrCtaIt C- if fr r c the (")I. ():.C and3 con!:,t ecair. cc:*

*~ i t:~' irsU.iity to real rocl.ati-c 0Pc3V 2. of ',75' rl-,;i . 1ICV(!i t~c'-

.. t.t' ~1.V.f5 l01 th.;inC:. c :. :- , o 5(f the r:"'A! 31a.

* ~~. ~ I cre -Il 8r ) cT~i.ts C.'JC to ewtC'll-c j.81t cr:2t .tft]Hrc

v2

I __________



/ /80

:. n : f ictor W1) arid the ScattCricj cc'cfficienit FWere cal-

* -'-n lorr'ulas:

Ii E(fl jgP I'
2 [. o) 2~

F G sin il- d it,

(5) C

C~*CUJ~ l1, ri -.3:1 r c 'J7tf ' arc ;'rc.,;Cntcd

a ~ nd 5. -Oii can rnale quitce specilir ccrnc u;ron.s rn tlhe bo!7s of

* -:~ ic h Mre ccm~fimroed xcrimnt2)y 1

f Ih'JA itc."r)' ~ the )I.;CIhfxt o : .

* ~ ~ ~ ~ ~ r -~ c *.1,-4 *- * -. - - - 3: ,.. -.- +-,,. * 1L: Of 
2

,' )F';0 ii.

. 1 i o t: run ;~ti~n~itCn =2,0 2. ]or j~

the: i a tencICI:cv" IovI-i( c . .ft (,f Vthe : x' rum v.11-
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of t he !;uy- oc' kit ii I i ion f.2Ct.olr t( L!.~ i I) (- r il-eytur. m arclg I us Tlus, for

4~,0o-(d-U h ~i.u- ~~fc utili:* 'ation factor cecurs at Z 110-

'tLL >. rs .urlace utiflzutIC:o: '-auto)c'r~~d to %~ < 1 -200 fr 2Y C.

q'i ci ~cu!mstarwcr' is e A-sy to explain if' c-no bear!: ini rir.al that the rvinimvu

di an~ fr'ath. e''iturto thc u; of tho i-irror occ- ur' at f/D 0.25 w.ith cir-:

d:~cn' ci: ~ cr In hincase hel zsih one of t'& npcrti)ro near the <

of th .a' aus Crcc :2n to t],e rc.:Iion o§ blolne in thIe rerAiiticrn yattern of

spccial hvc ha:s tCE leanst area. The eri3 hcral zone of the ai)e-rtuire irncreanecs

uconC" deit I ffofortei-etde~icm valuc since the anquJ~ar dirciiso

of tho ):ec'ien of the si-ope! is iIec nd thc uibtance to the!L cecre Of t hrr

7 d.eCroasfe of the c-extrcmne value of 2C0 cls the beamc r nglc of tho naai.Lmai

*ation Pattern 2-Y 6ucreacs should b-e' relatc!d to the fact thzit the contribution of

thu eipea zone of the apertl.'-Ce to the( SU.:faceI utiljscition factor increascF. at

lower valu.e.s of 2 y, %where the fie-.1- distribution is cons idoerably ror'.riforn.

Tiherefore, the higc',est surface utilizction facetor is pro-'iccd in thesEc ca::es in

longer-focuq antennas v.here an inciease of focal distancc partially corcpnsatec

for thi's nonuni1fo!:mity.

Thueort5.: . s3 ~cjo~ci t c~rtu~. ;I(,l of tha ant(2nna. iiror f 0 i

c~'ci.Y;c~t p-''; . 2 of rci.I fncat> coras. cwno teanrs of the s2Ce

of thn- rc2:~e attc i. The uee. of emteswith sp,.cC-a sEna1c! oZ thn ra6 i az ol-

pni-er :I- E; .ngJ Ce 2), ~2Q 200 pertaicts c-e Co incr~c, c;c the surf ace utilizat2 On

-ato-- in .:n,,o of: en7lcr -'0 n2-? caeJt attcrn of'c~! for 0.2

0. 22' (2. v] y . 7n ~ the hi : e1eltd:': cu"~ ilL.- J 1

3 ':... ;;" tte n 'Aitec:n gc of V-' L r I A UTT .C 11. -Lien acorc1

)cx::3 ~ ~ ~ o thei~cnlt (3 ftei ~' 0 c ~ c

8



arnd i. Iii,-. i 'fr)- r:c . i, *tion p il :. of t~2 co!m (2 0). ]n1 th s case the 6,

(t~'.i. .. ct in ,c.f'".-(~()C).t. 2y ~. 2 D -200 to - (7-9) dT3 a

0.

<IN f C T.,. I t he . ")C -1 cC T: Lizl Iv

1 - . ,i.....c~h''.c! to thc mr~c t]i~to atz

J..: ~l2 1.. Ii. d o1~ oti. nof the, . -lc.xc o f rnx(:iat ici. Cf t., 1

cA);C4-t y 3 thc st .- ct on the scattering

11 1% CNj, U. . tI valley il ht

n,1 t c)vaii of t f-.o~n this! value hy 0.1-

0.f c r 2 n w f;4t- c n the~c !surf,-ce utili:zation factc2:.

The ~ 1c i-nri-,b ~e v -rjai of ' cxp\. ,sca a.: as 2y Xfocreases.

Lot u., tu' n) to W' tno '-c 1 c'i cofffic~cnt I, (see rigv.rc~s 4

an d !) ,- . c f i r t t- 'i '- ct t ct at tcnt ion i n the inli catc-3 graphs is the

v,.-.", ~hf ~ :,, c f fo . ra:' vtir, c 2 of- tvre cos<.' ccmparcd to thoc -,

Cf ~ ~ ~ ~ . %dzi. .1 ' c~ th acwle 2 ), = 2% 200

(If th v- c anq2,1 of the iir' ( ~

c ;,c .1-1 ~ S, Cc Iv r, ,c, i 'c -'tur' f!ould 1 c noted %-hich i%-

clu.v:1, t).r .F.-c. 1( .,.j , . i.. ' 1a. ii hy ra& o r

V .t F (!. i . nb

C ~ ~ ~ ~ ~ ~ ~ 0 , ti-~* 2 > -~ i- n" of t>cos-~

-~~1 (C, 41 2'ao - c~ aa :i n h

-,3 C .7: 2~ ~.

AL9



fh d ftv en, n tlic rel t i\~ I .cv. 1 of I.hC fit 1 (3 i n tho d irect ion of the0

vclge 0" thle . ri rlc) I lo.: diffv~.Ic~inpattelrln i cctcrrim:.,d liy thl( fa(.:t

t)- it tiC' ;C' t "( rio- c. 24t yin 71c 1 %nq K rt of i lo! T i Jo ol the paIttcrnl

ouL~de;~o~~ 'naov ~ :tl & I Oil t'he~ '"ccpnf2 Of its; sIO!T& lu

if the t* i - '-l- i, hich 12if '-.-'jrt of thi, cap..city (-caisesicif

to th,, 2 -. cL. i l i of t e drc , T.

l~orovcrti-'--~ util za tlon clro ilf tcmittcr dccrc_-scs son.cw"hst

for src ci'l .;i't Ls.~ton.U a rocult 3t also occoiv7-s posslblc to incrc~-C'

the recaia-: 3 f elL(' t ld T wr I rc tav Aiinq liesmx stnfaco ut ili_-:atLie:i flct-or

in th ietcC; mire .TP h rcv'iotr; v\'a112? of tlc - ;xat'tLcri:iy

hy co'-pirinc, thc effect of thc shz~v'e ocC the radizu'i patte_ rn, thLe radiation

level of the edgej of th, raain mirror iadisa~tr ntercuto

of scattering coefficicnt (,, one can oofi~nitcly say th:X, selecting thec typo of (9
radilticn ratter.) -Td radiation leol.] of i-hec, irror rc6jc' and fin~ally tlhe ec of

IFack rdato of tho c;It.sI the irozt. riqnif:Lcznt 3"n t.Mi., rec.-ard. The aper-

turc anclje 2"'o has v ruch lEss '- cjifi cznt cffc-c-t en 4t rtriqccfcct

use- of rpadi- lon -.t7h fLeilrAt - o.' c-l- to r, 3cc'c thc ent V

Siceee ~t ", f V adiJatiC1 101,7(l Of th of M*)scrl CdC29,:-! lIttlCe L. I_'ct

C'r1 V10 lo. r'-Co 0"cl a wld.0'vlcC

c C. c: .',.c! to ha1;-

10



thc VJuc of - 7-l) (;1; d in tll, (:ivC'n ceU c~c:,tion

With rt(y1Jd d to 0jpt irm::I o~I L~0 f t he oc wt u.c aiol c 2 c, thenL~1 can1 1:e

sccn I e-tn 1 n F-v. :'cs 2- 'Ii U -E f i'ct. u! 2.'o on the , nur fOO(L u-32 a i

fa~randi LC. cC ( j t i-. 1.

On thO rc2k, L11 t; n On 4 1, 0i 11~ Ci2i~aii L I L F ee~~ ca

fea;ihility o.C ircas ir.?n, '' is oLbvicw!: s; moo tlhii; Jcaot to re~~i~1-

dwcL.ion o:' f.I -- 5.t oeu ~ ~-rt.1'Cox-,; vnot reduce Cir
ca:n&' ft c l csir'n c:~Ai'~ c:-in t 2  iy ~ uoLrtai~~a ~i

The resulis of calculiating the \vci:iaticn of thc! surf- cc utilizaticn factor

and1 r, af functic..n of Unicle 2-"!,, are presonte-d 1-l-:for scyozral c~xjp-cr;.--ntal pa t-

terns ot Sp,.cciil1 slhupe. Di)ffere~nt l~op4-al Cor-,icZl Cjjjtjrs w.ere us,:c! in this

CaSel. Selectiun in favor of those cdtters wos e-toi~dned 31-, thci. avwit-c-os

cvoi- othe-r typcs of antcimus.,. These cmittexs pr3tone to maintain thec axial

. try o.F tlic ra"ato 'ctterns fo;izot cc.-oercntc of I Abid \'c.--c'r cn,'

~ntsxc..o~ pcJ.rixtin ci~a~tr~ i b';O\V>r a wiAde r'c.of frequca!L-C.'

of the -1 -, on p my

Th' roe :V r pe. of tlhc: r.ottc:rc3scee 'SC ir J.) ;eC~t.Ofl Of the., Z-neC-TCil

tlo, vc rex of I he -o n araC! ZZ11anqi C' c lovatioin of the so-iral. Thce 1- ttcrn.

11". Of -t- n

V,:c x'ucs 3C. 2 3 i-

ee ~'rb £~xi~ .~;r( C iO 70

-AL 711



~ !\ (6)

- '12 katioz _ictor, Ka i, tle aper).ture su'rface UtA.P

Q lC.:tt'rirg~ cocofficient Of tile cmittcr.

24-- -lr -
F o '2

IT

1. .. , i t''r~.ln~C2 ;~cc ui a. -c-c6... o f a 1 ) M-,;. n cf 'In2 a r, e;1' C-;

' 1 :l U~<i.th pct( ~i3 C o) h;y t). ,: v1o > 'Y2)t r'

horn antcnnct.

1.2

* . .womb



Moreover, the viu of i heo tortal. !irlcc utili:.ation factor were m~easued by

the rio rern:' 'tlhod ! 1] on 20 anr~i ft( nna-, of the CA-i ta ttSorwhere

an crdlfotr with this- pattttL'rn lii3 t13cc valuc: of the !;uricice utiliz .ien

factor cjual to an avera~;e of 0. 73 w.as iound in both c~ewhich is in cll-oj agree(-,

vm.--nt with1 the giv-,% d~ in Tcble 1.

Talec I

Ve r ia "t sa~:tr 12nO 1.1101, 16no 11-00

Aperture kip 0.96 0.88 0.84 0.73

Raiatioll pz.tL&e-n 1 130.24 0.13 0.06 0 .02

k.0. 7 0.77 0.79 0.71

Apei LureL kiT 0 .97 0.91 .C 0

Radiation pattern 2 0.29 0.17 0.09 0.04

kip 0.68 0.75 0.78 0.73

S Aperture kip 0.98 0. 96 ). 94 0.6L

Aporture kip 0.94 0.94 0.96 0.91

Radiatmic~ pattern 4 .6 0.46 0.3 0.2
1: ip 0.5 0. 51 0.67 0,

Th'2, given n:cr~rtal 1Ca.;,, eninl y con firm tl- crr b that follo,,, f :o;m

the reo;ults of cJ1.o Hc-evcr, on. should ar'nt nte ~aatrv.

fcetvrc of cxo.-c~tlittcrn~m relatc.- Ctir(-Ctly to theC. propwc jtics of ai sp,-cifl

Coc t-ntwi inl thc e,%~!. "i'-,'-O .Ilek CO1 ' ' C ;2l.

ca be~i~ o~tcv ~.72.~~ i.cf ofe th c:a-. .ii n

I- ::1r1 aC! 1" C. t
3

l~ o i! I' !C 't

t 3t 3 11~

13
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1. V. vavilova

T1:ce u~c ti tili Zcticn fa.tcr w::is ivt;& 9in. tv'o-

inroz~mcn\of circulr -k2 nr- -AC1 tl;t. u...ltuc of U-0

small rmirroir that coyrct5 szhc!eJ. Ierratio; i lerss. tlizn

0.05 of tlhe clia:-tcr of the lar ,c rlrror. A rtoiof czicu-

lating the r mirror is prcsen%'.,A for a twf.zr'o vstem

with largie 2W .rrcr in the fomof a circular cy2 ins;'r.

Introc.tiction

Lct ll.' (--:) L .Cr. c'tc J.. , ;eo s t Irid Ta.co '~c-

kt!IC 1'tlc'u..f Qt-i n C10- t Ic Oc f 0,,k rvC;*t - ttc-n th e irV &tlpv'l

cmi encrall IL' Zno :y p'-Cfi) . r;hm a) Ir i.)y-r j . ca l" i U ,; a! to correct:k

sph1 T~z! i 1 cra't ioll 1*r.!) rcrt to : -io) ir-l I -,c F Ic ctef.iOn f

n.Lc- z~~c~i. ;iz'r.~ fcrui2 : y p t o! I- ' ccnt:. .2 1 1 . a-k

uivl2 rcl'(cnr s u,' CM* (ci rcl.: ) .>yo .r.'f ' 0,v tC,0 O l 'Cy.

15
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the ormof . crcuar yl-ln ri y 1 re 2).

ba If aIn sp eric wav. e cY,± c': ris~~ usr- iifl s pvanc y (o1 d i vc i 3, the:- rr ):

it!oiv rswnca o l ~ r shi2 t a milnr b :.na 4cso 2 t if- on cr.- =nia El)

vmt-:anor scci.i. ofim o h tlo-iirc antcnna ofc(c:- sZi:t\,whc

isofints t to- deimclo , to~ flt:P ats * s a fC111 aSt h acemro

cano~ 1-- thoCS JeAlcc 2. 2).i. rc-s- cc):)~cm S

intheq~n: vrtic itan csho 1 ;livecI 7 teo

C This(3 aItnis pl ith e'it o e tl tl& ber- cn a I 1;is j 3: 1ieri:C-:.t

1)3 acp,~S ~ olne c~o C a te 13. c i'!1: cot::CL Sn te ci hrr fL,3 '.

Can o~ -~L Laby th pa~scc' sc~ 1 6 *.Q~'ftcatr~ 1

timmm"n7 v ic tlow-Nol -L~C e ' f i'2:~ :: viS~~
#A i c:r(,]) t],~~ihi cr'an.~1; ~ 1 ~~iJirz.t .X ~.
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function! (31 .'Qf in the a1!rt,~ liri tc& J the caf;c v.hecn the aned tui e of tl h

snrdll maiirror corpj. ri !@' 0.('! of Lhe Jiamotoe of the Lii;(.iror Th~eposhltc

Of fu th' ilicr. e ion.: o te d i.irror w~il b1e ccrn-di'-rud in this

papur , Whidcl I-nay he r(e:;r :hnfve-lopi.c vtery Li ra( in.stri:: ents oif both the

Iqjhrical and cyi a1ty rovr, ct!.CA o)f calculatinc( tE -, a1 oir

yor fox a cyl 3m-Ciick] ':-o 1;~' nornt ciAl i' - pu :: Tt.c1 i~I tV i; paler ad CI OL:>'

jr.c~iC~1in,,-truc-t-*r:'. is on select inqth utt-rcitn of itfZ CO-.;--i:lcrtS.

Dependenco of the C'-ercUtiliz-ation P'actor on tho. Po~iticn and Value of the
7Aperture! Uf thic. Smiall ;-i uror

Lot Us3 rcl 1h2 n: ati c of the u~i;Anj~ntr f th c* larce mro

to its tol ce crD sc1-c h go!:2tric uti-31 iziticn cnictor:

Further, for generality, let vs assumne that P,,) = 1 and let us find the rcSult.-

vexpressed in fractions: of a rad~ius;. '!he function of interest can casilv L-e fouind

by miakingj use of veanti qllations of the focn'l eur-vL a~t RO= 1:

y ~iil ,' cos q --- (1)

Act uzV y, Ict us , enid icr 3 ~:C:the nt1croc -!ccti Oil (-I' h

iu. Y-o- and '~~;Focal c'''- :c shown. '.7 v~~ii 11y cowuder the CL-c

cca' ',I 1~ a:c~ ~ ini the r,7 :7~ C)i -' . 'e pao-iti en of itn c

"in a > & 'Cr 2 n" thic. .>.h (:,f i L yn . ;,nci( i-na i s1I; y 'Ch

CI&IiE' J i '. . 2.'. ' %, () Y Lr' X1 ~ CO 7X t',- n c l-V]

cooa 10 V2 c c h 17' LiX cx f t 1 1 :' oL iin a 11 r i r)-) C'i:r C' c(

e'c...V 'i Cco I>e )YJr'qc c2X 51x r.'. .3..> v th. V,-, 1:. cfL.Cf
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~~:~n oh '~'cr is; 1oc'ited in the tran:focal ;ie (tpc3o.:iL~on of its

01 2) V tr ' pat; I of thce b.7s in tl.( a:ltc I ia , ):C)".- by the

~~r..~U tho lt( -t1o 1I' Crt:111 " f the Eli riri'cr co 'c~.C s with

:Kpc-'int C.t J c~ n j. ;_ on 0:* tlhe_ 1oi-c~ca~n w.i th it!;e c;io rn-ort~

th~~U n I*iV >. pent cf ucnc-Lct of t'e rCc.oc boam vith, Uic_ focali curv:e.

ti on c, I

br il

fj 4j

si I I t

FA *i " wwlA" ;r;/M
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Le'2t k011 0 I t ir~~tco. h ial

Y-(.m 'N 0 P 0 11 Cx ' 14) c I.-

A.. tz to~ ;'. i-t c

1 .1 k
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- *. 1 ic;.iicd Jo' a'ugv~s o E n71 - 02 0 c 0 4 icc

* poc"iA 5 t< arradtUlesioB nlco
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r! "ti n-. -C-..!:ta.-( i e tr Er or Yac

v:o!anpanoi i Vcveti: jcrssFet

C:- !-1. k-,-r dg al- not~ i t r -t l~ " (.,

/"ihi x~~ndhF-uc

4 C

.'~ ~ i: nl a n ('w .. tia1 pb~ the fuve frt: t s I -,,t~:I t.I]

r. . .:~ oryc edge also Coa in3.:c 1h for<1; vcurclx '

- I - . C. t

(J~*'* ;'' ' - ~ ,-*.. L.:

"ni! thu oi".~.~.:tP o lv-' in a t.;u-v--i.r- *n .~ 6).

J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Y of- ~~i -~ ~ o e r~r':-;~o ~t~

reflect,.( \wave froni .
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+ r. (Fc).

I il: [ 2:1
2 F equati on of rloxmal

to roflectud frocnt

A' 2 /s ecliu-tion of oe-
icai front from. (20)
emitter nubIczcd
to Point

ofk, t-.,, CI 22 1':(2

c k r ~ rL: ',I: I j 2~t.,
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V. 'Caov~c.1~ 1 nd A. A. Ku:- 'mmi

A fo 2awas i:c to C Ac.ulat tlI. ofi~i~1 '~t-ne

a rc ~nc.>si;. tho jaa of 1-e oci~ pJ ane of i0h)a c

It is Oiown that th r ~OO thQ 27lipt'a xttcrf in Con-

siarabt-y 0,u e~.ndcnt. on the rcii~ of the arc and the slte

distril~ution in the orthogon&] planc. The characteristics of

shaping thco rasciati cm ,'2ttorii of an arc antceano in the dn

normal to thc pluric of t~ie awrc fl)-o crnsirei-f

(x.C C inNnvest nq t1 L'ctr AirwSc v~r n ;~wry TL: S in-

tC5; is; Cyp2ain Cl by the -- ;f cv2as' of c ;-_0 c ratn or n c ,n r-

(19';;'< ''Lh, lr, in UtC TVr1!- yopuK Ol-t t J~e C ih itx

(r:.2( t2 -, . . I' t:~ i h :~ '.te CndleC .~o'.~p

1* 3 o .- o 1 . . This -!I at1r U~' YC .. . a ti.:-4 arc , 7V

1" , theI t
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!ri to ! ':p a-c ctc~'( - .A t. ,nz -.1rnn I 'cI fri'tcal r,~~a

y..:.t c1 ;it torn cor~.t~rto tW.arc: ccOcf f1c-(st (2) is

Sof tlic arc (v Th rxivrn ' and ofr rtl
* t--.it. I ul e thLC 2.~ :. it (12, : cl: i butc' 1 o')o 1: Ift .

*~~ ~~ I.un 3.h n '2 ) to~ cal -I;ut ca t):c vcntu. -i tc :

i nI o Cal c~ ~1 u at, nc con t ±i, 1- .- ar I.- ZIL r -

. r1 -tt(',I' ill the vr-tica1l pso O- arc.v~c~rs ih'n

-.a to-rn througli the fiecf of an are yi(t713 t rCSv-Cct to

* .. > > :aaccrvistinfy of' T O~nU. havl nc (lire cLi enal.ity in tll;o(

V:()and armplituele distrih-ution 1 1j), is dC'tcrr;ca d y tht-

'I

t.~ ti~ai& 1- 2- '~'. '' (~,C : ia '~* i
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Thei:: 4 ::i-:. tf(r r,~ v~At ii licr Ij( ~ of an .-!,- antenna, '.: ch can

ca, ii) 1c ' ) ' .f afv 1 : th , 1,o2n-.

'1o anl o~.~ ~:ition o.f the field- of all enitt-crs in a ; i\cn ~ c

Iwhore 0, fK-) iye ancikes that detC2TijnC the direcction of tho maxiimm radiation oalt-

t4-rnfl(i an c re ant cnn C andi P is the radius (if the, arc.

- sill 1, (Sill q4CJ
t 

c s i ll4 i.

Holevev, tho rain hcsm ~ust be roved only in the azimuth planeo (plane of t-e d

ar-C) for anractlcaliv realizabc" Cases; thlercforcn, one can assume that CO -= 0.

To sir:,JTify 1i of tho :-eieicnvnttern in the plane of the ;ioai-,A2 planec

o f t1- "-c U.11 tl-.- vorti( eal .:Jc ie:.aciv~

V iv o.1.-Cintcct ta i PC e. o .

i4n the to th3. ti~ c:

'-hon vritA 11 11

N- 11 tir ''I,4( A-p on (4 C), 1,! t-(O-.r.

.0 (f thi

''~.1 :. .r : Gj) n i:1w 'I- 4 c. iss ,a-II r w:tih t ; i ll

-iothis &uIc !A- 1d j>c c, '2.:tc *44 ~ ~ t~.CKi

r44 ~ 54'~ l 2~I. 7l 4 i * j5 (W\1 IL2c. h . ~ \2 I

1 A.-*4 l 
4  -' n~

-&.~ As' ES '. 2 ,7 -- --- *'c .-.
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;:n ai1 ara....z'..Iv

\2 ~.~i 10)io tho. v\ tcmi a iti r atttifl t 2.( f :Sl'n

A-Al
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In t ho -. I t Iv ' 1 g..(r> 1.2 1:- o r cf !-,3t -'

* ~circul :r '"rce "t'l.r, it : 'OX 'e f:cr c- t ' t .- roraujation p-at-
tc-rn inl ti. 1c.1 >0.2! :c~ '1: , I 'o~

r~~co a.. 0; atW ic:

eali tn o f' KI (", no~. t' F:nv> i. t w') . i; ' ''' 1 ncon. ion2?

sill

I (3.2

c 7'

2I. f - -1

rt6CU:it -1f tQ3Al tc;e }A i). n .b'l t n + 5 nc:' .i

'v . t.,1c .>:l' .t'~'i :r. c~
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T T*.*

2.Of cad1.1. tir-

.(,I- n'mrinive1 calculationis was; : to i UvOet 3 a~itk tleVCri:: e

the: vc~ticC1l raoizition pattern2 of arLc aitc-rn, z.t ('if fcxrent ".1t..

* c;~.;in thle 1-1:.(!i of tlw, rtrc 1:y fo- nmuL~:s (2 ) 'ri(G) (3 ~

(1 ~ ) wc -c el lo l-IrC On a Ur' 1-2 cr-ri-ite zc thc~cQ by fomrD2 ' (C ) '

of ,'c ..C'. l a )o - u,0 ilnc- 1

i4 t c'. C,

V C r, n 1,I- c . I L. .

t I'
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Cds o oo otS, I: I. n'~ 'A' rdxti t-( r'

10~~~~r .2,; ol 1 ZC(§ '

at J v" -' ''1 1 r u ' i 2 A'' -. T1 t-ce art-c "'I" b2 o' C-''r'i

!:t o £7 C: ttO af "ho( noru n nrc T::Y C"' :; 'litn (.. f: "It iC2\ I I £2 >

.021 CIY r',. .. , n. a~ n, 1 r *. >02 nCt Z. 0i- t723; 2 m- : 327.

t u> c7.1 > aziLt c - 2ii

Thus' it to' lov~s f rom the pei OXAus suction rn,9 an, N-i' o f -eca3 cul at c 0

ra'iatia+- 121_ Ic~_'L 1'a'- corrc -sp oct in-q. to thle arc cc.(.-ff icic nt thi' t an a )' i. c'o'r'S -

.5 no cif (;"i ":rn &c ct1 no--' it C 1 ait; ~ o U-c yo - c:l 1- i1 c' a r!ct - c("I '. "? ' rc . iCt

Tnc~ 1 A rca.t: plac-x r-j- ac ro-:nrc shpiq of I e '-2rc1inO

tiot. I'tJV2t'' fc i P
t  

t<' 1 ,' '---'-l ' V p

ciC.

cr. J. inn . C-
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z ,: , j i t 6. c . f , c ,c,1 fr

i2tt.(Y : -r : -7 in ilc (

m f in ci:: i t cy ii ti. 1arf o t-. j ize :... f , p ; , of tl:r: ,i c

c 1, 1-d t ,,no' (IIv ]re cL ,N1 CO!"-1n1 s
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V ri ttA-r in U .c t

'n re ( C ) id ib iu o- x >.n i-, t-. t :n tc . ±) ;2 .,:

vci~tac'J ?':,ijt. on 1O 'i : c411 CC jjrIt( 1 f( 't'7 A ' j 5., t- I ),: ir '

tclim Oft tn.o zIn~.vi di. I C itt r tSsf c.: l cond".4 j( :1

I tiw J Cd ; .)f)jT

vTlh oieirt.nt- tl.tfnmcf x rml.;:nttu 0! j)1. &,: i; r j% i42ttl mK

the requi-;dr: i hpt t.tn ViSc1 n(CC.ttui f .t;fP

ircsaian1 enit- C)" c thu a)) i cx voiLc i.1~'' xK r.i v i n Of L),u t:

nf i~ui ::3... c rv:.c inC ),, ar C'.( C 'I C

MI=50ed o 2 j'Idy n I t t Iv ri! n)

ian L zt. ' C~fi C2i VIte . a

~~~C Cn0 I'~1 C;ii.) Ici]

1* -t c' k.0 ,...... 7 1! . (2 1 :' j tc i: 2 1 ,:
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:2.:~~ "rt (':tI).1 thb" p! of thC 3) C: iI CC)'.; I c"c2.)y 't Ic:2c-lnt (ii

of - on. .*le *-~l -nc rt:t: r, he

4 nt".0 plotnt of the( non: L Clneo tc- c-rc, a ir.e iC'Aved

1 t of kpit 1ii of7 1ito entire ari ('flflt ien.-3 of tL!.c, md i " at r~xzr

* ~ ~~~~~~ K .4c( 444(). .21T)of the (a) I, 14cr couc!a. 2 UStl2 he

* .. I 4:k. r~.I e:arc CMOr. & :nr w th rai, 'Tti "' s .ii n;o . :ai .
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1. V. o''il, nc 7. . Yol.o

I x rc ~oi~a~c ~i eJinr th S; pa>r, L~ihi; a t:u -

tion of [I3I , fror the ef f j Cicncy zll.d of fici("Cy fact r ~:)u-

lationAiip bctwucm~ the scatteringc r-atrix and the jri2

fication of the ayuray cenc..porcnt; v-, .Ja}1~ha

VT1!o rfficjericv, arli Fo%,%cr Lfficicncy Factor, thc rrcnt-tc--!Po. r V a nl t-h,

121li-ct efonc;- fer actora

ii (*c 4);

IIC I
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-i-'.~ ~ ~1x < o~rcrsniSienconn i viz , o tl- 1' '1i ~n of

-- ~0 it f) of cr mi: f ths cent ra 1 .1 n o f tho, nvt f-r rv n 3t r!

It ~ f- fl-Ct v l 11 )

-
4
-tt a r*nd rim .:(Iflticfl :c Of the- fCdCCr ! 13 .C; i asi\, C'cc'

")n' f3C' ) orit zI.f~to X i ~ , i!u ccl n ['I an,] ill

!e I,! - the fce(cr Li&c 02C) ;5,- oTcnriL 1 0) ,fror (A 97

IS 11 4'1 (4)

-i.-2 Y -c C:,. Ccw -~x i ~cfy In 11,,e r,7ncc of -N < N
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\.2C1 re w, p) of iI; tt' v~ ci I.:t4f fic :,nn fl t~o~i I-,

).Y\-I 'I vav Q IX'' (2 ', I of ~ I Iin')

n 'ci(1) .n (1.5 No,' be 102t dti 7 ccni tio.. I fc -1 -,:1..c it 'cn c:7

part: o

I I C ot' c c3l.: 1~ the c ct~c. th t "c 1 ttilc nL ' 1 i1'.( c: o .'s

oi 1( - t i- t. A;Ca1

e~ualitje- (11) a:-- (0.5) ir. v:ich2 it 4S- t~jm: - s.Uffj*(ci Cr't tcr ] u& svre.t. (

Coz1ipunn-r2t atcr"c V"i. "t i a It:.,iodfi cc -cIrC ft

The po%- Cr C- 'iAt hV a- n artc'nna mystzu ;n can be cii cxxuLatd fd'] .y: I;, the

Wvzov arj'U itu '"-s an the' fcaut-r lines and b~y the fi.Os an theft01

siuioc tihe %-.v"s'lto are relaten by tho !C-ctr-x.7 c' i, ri' cma-'',-

nlticnfl 40.u at'C'r.cCt-i' '-uer x ion cf j-:iL 1jtc i, t1 m'( '0!

Eit I , 0''. .4. 10. 1 oa , nVi'lZ.

t1;r it t 'w'~nfl, 1 'r 4 , oN-' ' i.'

moo~~~~~t E~'~-;. cq rfl~ \(t(*-I-'A

5.ij x -' 2!I~.icn; o lm i .:r~3 cs'>~.2 (j(.2 I :34fl00f,''172

g: tc nI3.1: iot or:out
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I Us I.-: I: i! io .i r .

4.~~ ~ 1. 1/';fnu -

o :1&'tC I 1,T t)

fort~l rOifio patt rd E is n id fortbic* an~st ~n' t hs ir:tC r

(--)I, ~ 9 t'u c"'oI, a' thu : 00.2.(Yl,- L4'j C I,;

't 3 .jl ' !)A..ln ( a)].!rc. 1-~xacnl to the 3 V I: 11, ' at !- i o~ 7 Cu

forl uli to t tr'~ mrc' n salsi.acrn ~ r li:I aoat>

iftt II 'v' (" It anf ch aia]o 3 ' 'pt11,~n:

itu' puG I s] ] t'''(i ~r Lc -,v c ro t p4 o u io:' tnC eo

dently~~~~~~~~~ us ta s0'ti I :122 .5 f:l/3 Y > z(I. ' l 'L'tC o m.

if Vise 3213.0' ~ f, t or>)0.tt :<-- C: v lt .'\'' 157,

.: : :iAn (2llO a) 5a' ~ '.ri v

2 >f~flL1).KS) lxc;(I~ C (>i..J IS
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in th) wa 1. ilc cpic" ti C:, '.'ll' lbi.ecct 1to

The xtter ) - 2k.(1;coxia n(%)Lct

phy ic,'l- c vjo cn, f, , tc nr a ,ri: o?. i i-l.i,*iO.1 ii

C);0Ci 2X/) N s the nvlxllor of cow.%-rncntf.) for a inulticor-cnent a~iit:.trioal

phe~ccl ar - ith cctxu aD)I U excitation of corro:;ents and' it- isoac to the-

arl i uifi cation of the criitto b-y th;c- known rolationl [2, GJ

tAt; cl < '.-xl ;.- *- rtc r i;c: "l
V~~~ec ,;a uIU 1 . -. ,1 < 7 !8cChY; 'L..J
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I~t I4( f(,.1J .. ~ c: (, I I 1, c(r. of I, F, r I . CJ , 7 11

1,a p d on f mrl t; (4~) (51 ') and C7) ,it is n~y to fin: t hc f o Ilc,-j ne

ft (3) Vht fir the(cl,

112 o11ou fria (F~) hat ir:V th officic of t."e eior of the~2 r-r:Iy,

~~~nd~~~~~~~r- cc'n~ii c ~ihv\c Of t.ho icedr I i rlosofterriirqc:on

clocs not cxwccd 2d /A a-mi cecona at lea!t co ciryponert of the scatterir.- r:ti~e

the ~~~tcais 2. 2 f- :I Cro.

A so01';.C7:hat I;~r ZpcCif ic dca~cssicn o--f then Cf;x-c t Cf 1. Ct1 h .1 c,11. 1(

* fom-,d (-a Iwc uss f ,ceJl] : c:iu (37).

1k. cxw~lo O:1- CT 'Ilj ch~ (-.: :-.n2aI ;) 1 ' % Ic * ('

o~ilv J;; '>;~ ;. . c ~~e-. ~. i . ,varnu 1:1cy do te.i .iv (3)

i, ~:~a K ci- ~ *~f .\ I :d ~ ,~* c rt 'K

En oII(1 ) (-.n,2

* an i'' . ~~~~ ~-: i . n cA W '. C T ic :11 '
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cefll', i. i I.* . III Iv :I c;C I ~ : : r i lru( C IJ f ar-

t il (11U) to :,.L Qc t. 1 ~.4~ ~:'1TC1b iA i3. tn t!~ G1t:V~l

o f1 I V j. ,I O(: . It 1ei2. ioi (.37) t'A V y ti~:< '.,-nc j(,- C,: thi: l- :.

K w' 1(40)

LA(4

ie*,itf; radi ton,, wx cezi:cicn. 1 T;-c' effic3 onc'i of thc corinojent of ain
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